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Abstract

A new approach was developed for the monitoring of linear alkyh{C,3) benzenesulphonates (LASs) in sewage sludge. It was based
on their extraction with the anionic surfactant sodium dodecanesulphonate (SDoS) that undergoes coacervation under acid conditions. The
target compounds formed mixed aggregates with SDoS by ideal hydrophobic interactions which made possible the breakdown of LAS-sludge
interactions and provided high extraction yields. Variables affecting extraction were optimised using a fortified dehydrated sludge. Recoveries
for LASs were found independent on the length of alkyl chain. Liquid chromatography—fluorimetry was used for separation and detection of
LAS homologues. Detection limit for LAS in the sludge was 5 mg/kg. Concentration levels of total LASs in activated and dehydrated sludge
collected from two different sewage treatment plants were in the range 0.26-0.56 g/kg with LAS homologues ranging from 29 to 223 mg/kg.
The method did not require clean-up or preconcentration steps.
© 2003 Elsevier B.V. All rights reserved.

Keywords: Sewage sludge; Environmental analysis; Coacervation; Surfactants; Alkyl benzenesulphonates, linear; Sodium dodecanesulphonate

1. Introduction component of mixing. Electrostatic interactions provide the
basis for the non-ideal component of mixing in the agg-
Aqueous solutions of ionic surfactants, proteins, synthetic regate and become progressively stronger is going from
polymers and some microemulsions can undergo separatiormixtures of the same amphiphile type to those of opposite
of a low volume surfactant-rich phase from the aqueous bulk charge. Specific interactions (i.e. between quaternary am-
induced by proper conditiorj$—3]. Examples are changing monium groups and aromatic rin§s0]) can also reinforce
parameters such as the pH, or adding a second substancthe formation of mixed aggregates.
such as a concentrated aqueous ionic salt solution or an or- In a previous research, the ability of the acid-induced
ganic solvent. Also, it can be induced in systems having two coacervation of sodium dodecanesulphonate to extract
dispersed hydrophilic colloids of opposite electric charges. cationic surfactants from sewage sludge has been proved
This phenomenon, termed coacervation, has been scarcely11]. Ideal hydrophobic and non-ideal electrostatic inter-
exploited for analytical purposg¢4—6] in spite of coacerva-  actions between the extractant and the target compounds
tion can greatly extend the scope of micelle-mediated phaseled to the formation of mixed aggregates that facilitated
separations. the breakdown of sludge—cationic interactions and provided
lonic surfactants have a high potential for the ex- high extraction yields. The proposed method was found
traction of amphiphiles on the basis of the formation quantitative, fast and simple. Because of these results, it is
of analyte—extractant mixed aggregates by hydrophobic, interesting, both from a theoretical and practical point of
electrostatic and specific interactiorjg—9]. Hydropho- view to go deeply into the ability of coacervative extrac-
bic interactions lead to the formation of randomly mixed tions to extract amphiphiles of different nature from solid
amphiphiles aggregates which is considered as the idealsamples.
Lots of amphiphiles are of concern in different areas such
as biomedical, pharmacy and the environment. In the envi-
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CH;—(CHp)n—CH——(CHz)n—CH; and a FL3000 fluorescence detector. In all experiments, a
Rheodyne 7125NS injection valve, with alsample loop
was used (ThermoQuest). The inner surface of the valve was
coated with Teflon in order to prevent the possible corrosion
caused by the acidity of the sample. The stationary-phase

SOy
’ column was a 25 cm Nova-Pakgxolumn, with 4.6 mmi.d.,
7<n+ni<ll from Waters (Milford, MA, USA). For sample preparation,
0<n,ni< 1l a Telstar Cryodos-50 freeze-dryer was employed.

Fig. 1. General chemical structure of the linear alkyl benzenesulphonates. .
g ky P 2.2. Chemicals

treatment plants (WWTPs) or reach natural waters, a sig-  All reagents were of analytical reagent-grade and were
nificant proportion, that depends on their nature, becomesused as supplied. SDoS was obtained from Fluka (Madrid,
associated to the particulate fraction (i.e. sewage sludge,Spain). Hydrochloric acid, HPLC-grade acetonitrile and
sediment, etc.). Amphiphiles extractions from solid envi- methanol were obtained from Panreac (Sevilla, Spain).
ronmental samples have been based on their solubilisationAnalytical grade sodium perchlorate was purchased from
in organic solvents, in which their hydrophobic character Merck (Darmstadt, Germany). Petrelab P-550, @-Ci3

has been mainly exploited. Soxhlet based repetitive extrac-commercial LAS product, was kindly supplied by Masso
tions using high volumes of organic solvents, with extrac- and Carol (Barcelona). The proportional composition of
tion yields depending on the alkyl chain length of the target the different homologues was as followsigC9.3%; G1,

compounds are commonly used. 37.6%; Go, 35.2%; Gz, 17.9%. Standard solutions of
This article deals with the potential of the acid-induced LASs were prepared in distilled water. Ultra-high-quality
coacervation of sodium dodecanesulphonfg to ex- water was obtained from a Milli-Q water purification system

tract amphiphiles from solid environmental samples based (Millipore, Madrid, Spain).
exclusively on ideal hydrophobic interactions. The aim
was to compare the ability of coacervative- and organic 2.3. Samples
solvent-based extractions when the same effect (i.e. hy-
drophobic) was used to solubilisation of the target com-  Activated and dehydrated sludge samples were collected
pounds. For this purpose, the anionic surfactants linear alkylin plastic containers from two WWTPs (Pozoblanco and
benzenesulphonates (LASs), that are the major surfactanBaena) in the south of Spain, in December 2002 and March
used on the market were selected. Both, analytes and ex2003, respectively. Pozoblanco WWTP receives domestic
tractant (sodium dodecanesulphonate, SDoS) bear the sameffluents and Baena WWTP receives about 30% of industrial
polar group and therefore only hydrophobic interactions effluents (mainly from laundries and olive oil industries)
will be the leading force to the formation of LAS-SDoS ag- mixed with about 70% domestic wastewaters. Dehydrated
gregates. On the other hand, LAS commercial samples aresludge samples were freeze-dried, finely grown@.6 mm),
a mixture of Go—Cy3 homologuesKig. 1) so, the influence  and stored in amber bottles at@ until analysis. Activated
of the alkyl chain length on the efficiency of coacervative sludge samples were previously filtered, and then processed
extraction can be assessed. Sewage sludge was the matrixs dehydrated sludge.
selected for this study because the organic matter in domes- Spiked samples were prepared from dehydrated sludge
tic wastewaters, mainly made up of carbohydrates, fats andcollected in the Pozoblanco WWTP (May 2002). Samples
proteins[12], exerts a strong attraction for amphiphiles. The were freeze-dried and finely ground. Then, 10 ml of 300 mg/|
influence of the different parameters affecting both extrac- LAS aqueous solution were added to 25g (dry mass) of
tive efficiency and preconcentration factors was assessedsludge. Samples were allowed to interact with the natural
Matrix effects were widely investigated. The feasibility of organic matter for 1 day under nitrogen to prevent aero-
the method developed was illustrated by the analysis of bic degradation and under stirring. Then, the sludge was
LAS homologues in activated and dehydrated sludge from freeze-dried, ground and stored in amber bottles°&.4
two WWTPs.

2.4. LAS coacervative extraction

2. Experimental The steps followed for extraction of LASs from sewage
sludge were as follows: the sample (0.1 g) was mixed with
2.1. Apparatus 10 ml of 0.1 M HCl and stirred at 73 rad/s for 5 min. The acid

solution containing alkaline and alkaline-earth metals was

The liquid chromatographic system used (Spectra Systemseparated by centrifugation and discarded. Then, 10 ml of
SCM1000, ThermoQuest, San Jose, CA, USA) consisted of3% SDoS in 4 M HCl was added to the solid sample and the
a P4000 quaternary pump, a UV6000LP diode-array detectormixture stirred at 73 rad/s (Agimatic-N, Selecta, Barcelona,
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Spain) and 40C for 40 min. Afterwards, it was centrifuged
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Separation of LAS homologues using reversed-phase

at 420rad/s for 10 min. Three phases were observed in theLC-UV has generally involved the use of an electrolyte,

centrifuge tube; the non-dissolved solid matrix at the bot-
tom, a little volume of surfactant-rich phase containing the

such as NaCl@ in the mobile phas¢l7-19] We tested
different gradient elution programs with various combina-

LASs at the top and aqueous phase between both, containtions of acetonitrile and water, and NaGl@t several con-
ing the surfactant at a concentration near the critical micellar centrations, with two aims, namely, to obtain homologues
concentration. In order to make easier the separation of theresolution at the minimal analysis time and to achieve se-

surfactant-rich phase, the temperature was lowered@ 0

lectivity from extracted matrix componentBig. 2 shows

then this phase, turned gelatinous, dense enough to be sepwo typical chromatograms obtained at experimental condi-

arated from the liquid phase using a simple tool (a spatula).

tions under which sludge matrix components ang-CAS

Under room temperature, the gelatinous phase rendered lig-coeluted Fig. 1(b)) and separation was achievédy. 1(a)),

uid (about 1.7) and it was diluted to 5 ml with methanol in

respectively. Non-isocratic conditions were necessary to

a standard flask. Eight sludge samples were treated simulta-obtain selectivity. The surfactant SDoS did not interfere

neously. Before injecting an aliquot in the chromatographic
system, the sample was filtered thorough a @uAbnylon
membrane filter (8 mm x 19 mm, Becton, Dickinson and
Company, GA, USA).

2.5. Liquid chromatography—fluorimetry

Acetonitrile—water (70:30, solvent A) and water (solvent
B) both containing 0.15M NaClPwere used as eluent
solvents, at a flow rate of 1 ml/min. The gradient elution
program was linear from 33 to 10% B in 22 min and then
isocratic for 3min. The column effluent was monitored at
225nm of exciting wavelength and 295nm of emission
wavelength.

Calibration curves were obtained by adding 1 ml of aque-
ous solution containing betweeng and 0.2 mg of LASs to
0.1 g of sludge previously treated with 20 ml of 0.1 M HCl to
remove alkaline and alkaline-earth metal. After addition of
LASs the slurry was stirred at 700 rpm for 10 min and sub-

in the chromatographic analysis under any of the gradient
elution programs tested.

3.2. SDoS coacervative extraction of LASs from sewage
sludge

A significant proportion of LASs in raw sewage (10—35%)
adsorbs to particulate matf@0]. The process of adsorption
is primarily driven by the hydrophobic effect and specific or
electrostatic interaction@1]. The extent of adsorption de-
pends on a number of factof22], the length of the alkyl
chain being significant. It has been staf2d] that for each
carbon atom added to the alkyl chain a two- to three-fold
increase in th&s (association constant) for LASs occurs.
Other factors influencing the LAS amount present in sewage
sludge are the presence of metal @3] (particularly C&*+
that precipitates LASs), and the type of treatment the sludge
undergoe$24] (aerobically treated sludge typically contain
LAS concentrations in the range 100-500 mg/kg dry mass,

jected to the coacervative extraction. Correlation between whereas anaerobically treated sludge have LAS concentra-
peak areas and LAS homologues concentrations (20—800 ngions between 5000 and 15000 mg/kg dry mass).
absolute amount) were determined by linear regression and Extraction of LASs from sewage sludge is commonly

were typicallyr = 0.996.

3. Results and discussion
3.1. Chromatographic separation of LAS homologues

LASs on the European market is a mixture of closely

performed using Soxhlet or sonication with basic methanol
[20,25-28] Typical experimental conditions include two to
three repetitive extractions, high volumes of organic solvents
and long extraction times (about 4 hs). Therefore, more rapid
and simple extraction method should be developed for anal-
ysis of LASs in sewage sludge.

3.2.1. Behaviour of LASs under SDoS coacervative

related isomers and homologues each containing a linearextraction conditions

alkyl chain, a benzene ring randomly distributed in all po-

According to the phase diagram of SDoS in hydrochloric

sitional isomers except 1-phenyl and a sulphonate group inacid aqueous solutiof29], two coexisting isotropic phases

para-position. The linear alkyl chain has typically 10-13 car-

exist for this surfactant in the range 2.5-5M HCI. Alkyl

bon units. Homologues separation of LASs is important in benzenesulphonates also undergo coacervation, although at
industrial and environmental samples, because detergencyconsiderable higher acid conditions (between about 5 and
biological degradation and aquatic toxicity depend on the 9M HCI) [6]. Below 5M HCI, LASs precipitate as alkyl
alkyl chain length. Thus, biodegradation and bioconcentra- benzenesulphonic acids. We checked that precipitation was
tion is higher for the longer-chain-length LA$$3-16] not quantitative between 10 and 5M HCI for LAS con-

On the other hand, individual analysis of LAS homologues centrations ranging from 1 to 500 mg/l. At the LAS concen-

is important to assess the efficiency of the SDoS coacer-trations of interest for calibration (about 1-40 mg/l) and 4 M
vative extraction as a function of the length of the alkyl HCI, the percentage of precipitation for LASs was found to
chain. be about 20-25%. Partitioning of LAS homologues to the
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Fig. 2. LC—fluorimetry chromatograms obtained from a fortified sludge sample collected in the WWTP of Pozoblanco (0.1g). Mobile phase:
acetonitrile—water (70:30, solvent A) and water (solvent B) both containing 0.15M NaQOw rate: 1 ml/min. Stationary-phase column: 25cm
Nova-Pak Gg (4.6 mm i.d., Waters). Gradient elution program: (a) linear from 21 to 13% B in 20 min and then isocratic for 5min; (b) as specified in
Section 2 LAS amount injected: (a) 80ng; (b) 240 ng.

SDoS surfactant-rich phase from the water phase was foundconsidered extreme conditions, namely, the LAS concentra-
to be about 75-80% under a variety of experimental condi- tion in sludge was 40 g/kg and all LASs were as LAS-Ca.
tions (equilibration time, 5—-80 min; temperature, 20269 The highest LAS concentrations in sludge (about 30 g/kg)
[HCI] = 2.5-4M; [SDoS]= 1-3%) which indicated that have been reported for a Spanish region in presence of a
SDoS did not affected the precipitation equilibrium of alkyl very high water hardness (>500 mg/l as Ca{{30], how-
benzenesulphonic acids. ever, LASs in aerobic sludge rarely exceeds 0.5 g/kg. Inves-

It was also checked from preliminary experiments that tigations were carried out by precipitating the LAS amount
the matrix components extracted from different sludge had corresponding to 0.1 g of sludge in an aqueous medium with
hardly effect on the precipitation of alkyl benzenesulphonic C&* concentrations that were, respectively a half, equal and
acids. Thus, recoveries obtained from the addition of LAS twice the LAS molar concentration. Precipitation of LASs
standards to the SDoS rich phase resulting from the extrac-was detected in all experiments. After centrifugation, the su-
tion of 0.1 g of no spiked sludge ranged from 76 to 82%. pernatant and precipitate were subjected to coacervative ex-

As earlier specified, LASs are retained in sewage sludgetraction with SDoS. Considering the sum of both fractions,
by both adsorption and precipitation with &a(LAS-Ca). LAS recoveries ranging from 76 to 83% were obtained (the
Since C&* also precipitates the extractant SDoS, we inves- rest precipitated as alkyl benzenesulphonic acid), thus con-
tigated its ability to extract LAS-Ca. For this experiment, we firming the ability of SDoS to extract LAS-Ca.
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Table 1 The kinetics of extraction of LASs from the aqueous phase
Mean percent recoverigebtained for the extracti(_m ofG-Cy3 LAS ho- _ to SDoS micelles is very rapid and as a result the partition
mologues from sewage sludge (0.1 g) as a function of SDoS concentration equilibrium is achieved in about 2 min. In solid samples, the
SDoS (%) Go Cu Ci2 Ci3 Recovery (%) kinetics of partition between the solid and the micellar phase
15 50 48 46 46 48 will be mainly governed by the kind and site of binding
2 75 72 71 70 72 of analytes to the porous matrix. In order to investigate the
2.5 77 74 70 71 73 influence of the time of extraction on the ability of SDoS to
i gg gg gg zg 23 extract LASs from the sludge sample, this variable was tested
in the ranged between 10 min and 1 h (times below 10 min
& Based on three replicates; range of R.S.D. values 1-5%. produced low precision recovery measurements). Recoveries

b Average recoveries of LAS homologues. Experimental conditions: for LASs increased from about 73 to 82% in the 10—40 min
40°C, 4M HCl and 1h. . .
interval and then kept constant. They were independent on
the length of the alkyl chain. An extraction time of about
3.2.2. Optimisation of the extraction process 40 min is recommended.

As no standard reference materials were available, spiked Acid conditions (2.5-5M HCI) are necessary to get the
dehydrated sludge was used to optimise the parameterseparation of SDoS in two isotropic phases in an agueous
potentially influencing the extraction efficiency of LASs, medium. Organic components are known to influence surfac-
namely, surfactant amount, temperature, HCI concentra-tant phases separation diagrafh®?] and therefore sludge
tion, matrix components, extraction time, etc. The effect matrix components could affect SDoS coacervation. For this
of these parameters on the surfactant-rich phase volumereason, we studied the influence of hydrochloric acid con-
and therefore on the preconcentration factor achieved wascentration on the efficiency of SDoS to extract LASs from
also investigated. Three replicates were made to get a mearsludge (0.1g) in a wide interval (1-8 M). It was found that
value. Recoveries were calculated from calibrations car- coacervation of SDoS occurred in the range 2.5-4.3 M hy-
ried out with aqueous LAS standards, therefore extraction drochloric acid, therefore the superior limit was reduced
was considered quantitative when recoveries were aboutwith respect to an aqueous medium. In this interval, extrac-
75-80%, considering the simultaneous precipitation of alkyl tion efficiencies for LASs were about 82% from 3.5 M HCI
benzenesulphonic acids under the acid conditions used.  and the volume of the surfactant-rich phase decreased from

Before extraction, removal of the alkaline-earth met- 3 to 1.7 ml. A HCI concentration of 4 M is recommended
als present in sludge as carbonates was necessary sinc®r extraction of the spiked dehydrated sludge used for op-
they vyield insoluble salts with SDoS. Stirring of the sam- timisation purposes in order to achieve maximal extraction
ple with 0.1 M HCI for 5min was enough to remove the efficiency and preconcentration.
alkaline-earth metals without losses of LASs in the acid  As sludge matrix components influenced the SDoS phases
phase discarded. separation diagram, the effect of different amounts of sludge

Table 1shows some of the recoveries obtained for LAS (0.1-1g) on the coacervation process was investigated. For
homologues as a function of SDoD concentration. The re- this purpose, HCI and SDoS concentrations ranging from
coveries calculated for total LASs are also included. The 1 to 8M and 1 to 10% were tested. It was found that the
extraction efficiency was found to be practically indepen- amount of sludge greatly influenced the rich phase volume
dent on the length of the alkyl chain. The phase volume obtained Table 2, however, the HCI concentration interval
ratio (volume of surfactant-rich phase/volume of aqueous in which coacervation occurred hardly was modified. As itis
solution, after the extraction step) was linearly dependent logical, the surfactant concentration required for extraction
on the percentage of SDoS used as extractant, thus influ-increased in proportion to the amount of sludge increased.
encing the volume of the extracts obtained and as a resultThe minimum sludge (g):surfactant (%) ratio to get coac-
the detection limits that can be achieved. Accordingly, a ervation was about 1:7. So, under the conditions specified
compromise should be always achieved between recovery
and preconcentration. The precision obtained decreased at
SDoS concentrations above 4% probably due to the greaterT""'O'e 2 ) )
difficult in manipulating the high volumes obtained for the Effect of the amou_nt of sludge used for extraction on the SDoS rich

. . phase volume obtained
surfactant-rich phase. A percentage of 3% SDoS which gave

to about 1.7 ml of surfactant-rich phase is recommended. S'udge ACPE conditions Surfactant-rich
The influence of the temperature on the efficiency of amount (g) [HCI] (M) [SDoS] (%) phase volume (mi)

SDosS to extract LAS from sludge was studied in the range o5 3 4 58

20-70°C (results not shown). The percentage of extraction g 1 3 4 4.2

increased about 5% when the temperature ranged from 200.2 3 4 3

to 40°C. No significant increments were observed for larger 0.3 3 4 2.2

temperature values. Therefore, it is recommended that ex-g';1 g 2 é;

tractions are carried out at 4C.
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Table 3

Calibration data obtained by addition of LAS standard to different sludge samples.

Sludge sample Slopg: S.D. (x10*ng™1) Intercept+ S.D. (x1CP) Sy/x (x10P) r
Activated (Pozoblanco) 0.16 0.01 —0.09+ 0.21 0.20 0.997
Dehydrated (Pozoblanco) 0.2D 0.02 1.93+ 0.54 1.28 0.997
Activated (Baena) 0.1& 0.02 1.36+ 0.40 0.90 0.997
Dehydrated (Baena) 0.2+ 0.02 2.15+ 0.85 1.30 0.996

in Table 2(4% SDoS), no coacervation was get for sludge and 10-fold the LAS concentration. No interference was de-
amounts equal or above to 0.6 g. The sample size did not af-tected in the extraction efficiency of LASs. No coelution
fect to the extraction efficiency for the two different sludge occurred under the elution program used.

amounts analysed (0.1 and 0.2 g). Therefore, 0.1 g of sludge

is recommended for analysis. 3.4. Sewage sludge samples

3.3. Calibration data The performance of the method was evaluated by
analysing activated and dehydrated sewage sludge from
Because the complexity of sludge samples, the low selec-two WWTPs located in the south of Spain (Pozoblanco
tivity of UV detection and the possibility that matrix compo- and Baena). They were selected on the basis that they
nents of some sludges could affect precipitation of alkyl ben- receive domestic and domestic/industrial influents, respec-
zenesulphonic acids, calibration curves were constructed bytively. Both of them apply biological treatment. Volumes of
applying the complete procedure to 0.1 g of sewage sludgesurfactant-rich phase between 1.4 and 1.7 ml were obtained
fortified with a solution containing LASs, previous removal for all samples analysed using the concentration of HCI
of alkaline and alkaline-earth metals by 0.1 M HTable 3 recommended (4 M), except for the activated sludge from
shows the results obtained for calibrations from four forti- Baena. For this sample, coacervation occurred at lower
fied (5wg—0.2 mg) sludge samples, expressed as total con-HCI concentrations. Adequate volumes of surfactant-rich
centration of LASs. Identical responses were obtained for phase (1.4—1.6 ml) were obtained from 3M hydrochloric
the different homologues. The curves obtained were linear acid concentration. The acid concentration selected for its
in the range studied, from 20 to 800 ng (absolute amount analysis was 3.5 M.
injected), and the correlation coefficients were about 0.996 Table 4 shows the concentrations found for the differ-
thus indicating good performance of the methodology de- ent LAS homologues, expressed as the mean value (
veloped. Similar slopes were found from sludge samples of 3) and the corresponding standard deviation. The LAS ho-
different composition, so a single calibration could be used mologue distribution in sludge from Pozoblanco was sim-
for analysis of different sludges. ilar to that of commercial products, for which the mole
The instrumental detection limits were calculated using ratio C;0:C11:C12:Cy3 is typically 13:30:33:24. However,
a signal-to-noise ratio of 3. It was about 2ng. Taking into the sludge from Baena showed a distribution similar to
account the amount of sample extracted and the volume ofthat found by other authors {6:C;11:C12:C13 mole ratio=
extract injected, the detection limit of LAS in sludge samples 7:24:40:29)[13,30,33]which is a consequence of the pref-
was calculated to be 5mg/kg. Thus, the method developederential adsorption of higher homologues. This different dis-
has the capability of detecting low concentrations of LASs tribution could be related with the particular form in which
in environmental sludge samples. LASs are retained in the sludge (precipitated with metals
The precision of the method was evaluated by extracting or adsorbed), although more data are necessary to confirm
eleven independent fortified sludge samples. The relative this assumption. Total LAS concentration was lower than
standard deviation ranged between 10 and 15% for the dif-
ferent homologues, which indicated a good reproducibility

of the approach developed in this work. )
Th ible interf f non-ionic surfactants was Mean concentratich (mg/kg) &+ S.D. of Gg—Ciz LAS homologues
€ possible interterence o 1oni u W found in sewage sludges collected from two wastewater treatment plants

carefully investigated since they are components of sludge \wwrps), analysed by the SDoS coacervative extraction approach.
samples and they can be easily extracted by SDoS because of

Table 4

their amphiphile nature. Sludge concentrations expected forhomologue Sludge from Pozoblanco Sludge from Baena
alkylphenol ethoxylates are higher in anaerobically digested Activated  Dehydrated Activated  Dehydrated
sludge (900-1100 mg/k[B1]) than in aerobically digested ¢, 54+ 6 35+ 5 36+ 3 29+ 2
sludge (0.3 mg/kd32]), and considerably lower that LAS Cj; 1154+ 10 83+ 12 1394+ 8 102+ 8
concentrationg24]. Non-ionic surfactants selected for this Ci2 108+9 84+ 11 223+ 13 177+ 12

Cis 75+7 6148 160+ 12 136+ 10

study were nonylphenol ethoxylate and octylphenol ethoxy-
late which were added to 0.1g of LASs at equimolecular 2 Based on three replicates.
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